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Abstract 

For a sustainable ecosystem and the benefit of mankind, knowledge of environmental pollution with a health 

impact is crucial. Industrial waste and sewage sources contaminate the Ganga River's water. Freshwater algae 

have a well-known ability to bioaccumulate heavy metals. We investigated the ability of the green algae 

Hydrodictyon reticulatum and Rhizoclonium sp. to biologically accumulate heavy metals in an aqueous 

environment as a response to the increasing environmental contamination associated with heavy metals. We 

analysed the heavy metals Cd, Cr, Pb, and Fe. We collected algal biomass and Ganga water samples from 

Prayagraj, Uttar Pradesh, in March 2022 to study heavy metals. Heavy metals were analyzed using a 

spectrophotometric technique and an atomic absorption spectrometer (Perkin Elmer A-700). Green algae can 

highly accumulate heavy metals. We examined heavy metals in algal and Ganga water samples. We found the 

concentrations of heavy metals in Ganga water in the following order: Cd > Cr > Pb > Fe. In Hydrodictyon 

reticulatum, the bioaccumulation factor was 169.16 for Fe, 27.5 for Pb, 22.14 for Cr, and 2.58 for Cd. In 

Rhizoclonium sp., it was 352.5 for Fe, 34.74 for Pb, 27.63 for Cr, and 3.13 for Cd. 

* Corresponding Author: Sanjay Singh  cmpsanjay@gmail.com 
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Introduction 

The issue of groundwater pollution has grown to be 

of great concern to the public, organizations, and 

governments (Wanjun, 2022). Public health and 

national sustainable development are becoming 

increasingly dependent on water quality safety, and 

people are becoming more conscious of this 

(Shengfeng et al., 2019; Wang et al., 2017; Wang et 

al., 2017; Siwen, 2022). Thus, it is crucial to 

conduct pertinent research to build an ecological 

ecosystem and safeguard local groundwater 

resources (Qifa et al., 2022). 

 

Chemical contamination of water bodies is one of the 

most serious problems facing aquatic ecosystems 

worldwide. Chemical contamination of water bodies 

is one of the most important problems affecting 

aquatic ecosystems globally. A few heavy metals have 

gained significant importance in toxicological and 

environmental chemistry research. These heavy 

metals include Cd, Cr, and Pb, which are usually 

poisonous even at very low levels, as well as 

potentially hazardous metals (Tamayo et al., 2014). 

Rocks naturally contain relatively small amounts of 

metals. They play significant roles in our daily lives 

and possess desirable attributes. Heavy metals are a 

widely used term for metals and metalloids with an 

atomic density greater than 4 g/cm3. We occasionally 

use the term "toxic heavy metals" to emphasize how 

these substances affect the environment, particularly 

the biota (the biological approach). Sometimes, to 

emphasize how these elements impact the 

environment and specifically the biota (the biological 

approach), the term "toxic heavy metals" is used. 

Heavy metals can be categorized as hazardous 

because of their harmful effects on living things. Due 

to their important involvement in the metabolic 

processes that occur in living cells, some heavy 

metals, such as copper, nickel, and zinc, are known as 

microelements or trace elements and are essential to 

life at very low concentrations (Gadd, 1993). But at 

high concentrations, most prokaryotic and eukaryotic 

species are toxic to these metal ions. It is not required 

to use other heavy metals like cadmium, lead, or 

mercury because studies have shown that even at very 

low concentrations, these metals seriously damage 

living things. The majority of research on metals 

(Sunda, 1975; Anderson et al., 1978) suggests that the 

free ion is the species most harmful to aquatic life. A 

variety of human activities, including intensive 

farming, metallurgy, energy production, the 

production of microelectronics, and the disposal of 

sewage sludge, cause heavy metal pollution. Heavy 

metal pollution remains stable and persistent due to 

its inability to break down or degrade. Therefore, the 

toxicity of heavy metals severely harms the 

environment and human health, necessitating a 

constant search for practical and cost-effective 

methods to detoxify metal-contaminated areas 

(Kaplan, 2013). 

 

Contemporary technology uses biological methods, 

which are more sustainable and environmentally 

friendly, to remove heavy metals to combat this issue 

(Kumar et al., 2022). Algae are abundant, reasonably 

priced, highly efficient at removing metals, safe for 

the environment, and capable of producing products 

with additional economic value, making them a viable 

approach for heavy metal recovery. Macroalgae and 

microalgae are the two categories of algae that are 

commonly recognized. Redha (Ali Redha, 2020) 

primarily divides microalgae into four categories: 

diatoms, green, golden, and blue-green algae. 

Macroalgae are classified into three types: brown, red, 

and green.  

 

The ability of macroalgae to absorb heavy metals can 

lead to concentrations hundreds of times higher than 

those found in river water. Tamayo (Tamayo et al., 

2014) asserts that suspended particulate matter 

(SPM), a blend of organic and inorganic complexes, 

shapes the morphologies of algae, exclusively storing 

free metal ions. Algae are also sedentary; they are the 

right size, easily detectable and collected, extensively 

dispersed, and capable of sufficiently accumulating 

metals. These attributes make algae ideal 

bioindicators (Tamayo et al., 2014). Algae exhibit 

detoxifying, bioaccumulating, and biosorption 

processes that remove most harmful substances. 

Heavy metals accumulate within cells through a 
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process known as bioaccumulation. Living cells carry 

out the accumulation process, which depends on 

metabolism and requires energy. Thus, 

bioaccumulation is an active intracellular process that 

algae use as a self-defence mechanism (Chugh et al., 

2022). Compartmentalization, in contrast to 

bioaccumulation, is the term for the collection of ions, 

specifically in the cell organelles (vacuoles or 

thylakoids) (Zohoorian et al., 2020). 

 

Materials and methods 

Study area 

The city of Prayagraj is situated in the southern 

region of Uttar Pradesh. The geographical coordinates 

of this study area are 25.505º N latitude and 81.868º 

E longitude, about northwest of Prayagraj City. Out of 

all the rivers, the Ganga is the most sacred. Millions 

of Indians who live along the riverbank and rely on it 

for their everyday necessities moreover regard it as a 

lifeline. Hinduism worships it, personifying it as the 

goddess Ganga. Millions of pilgrims to the sacred 

Ganges River at Haridwar, Prayagraj, and Varanasi, 

three mythologically significant Hindu cities, hoping 

to cleanse their sins and attain redemption (Pandey et 

al., 2014). There have been significant pollution 

issues along the Ganga between Kanpur and 

Prayagraj (formerly Allahabad). Ganga pollution is 

mostly caused by industrial discharge, urban runoff, 

agricultural runoff, tanneries, and chemical plants in 

Kanpur city. The Ganga transports industrial 

pollution downstream to Prayagraj (Fig. 1 A), where it 

is further contaminated by industrial and home 

waste, ritual baths, and numerous spiritual activities 

(Aggarwal et al., 2022). 

 

 

Fig. 1. A. Google Earth image showing a stretch of River Ganga from Kanpur to Prayagraj; B. Google Earth image 

showing a stretch of River Ganga in Prayagraj city 

 

 

Fig. 2A-D. Collection of algal samples from Ganga water 

 

Fresh and wet algal biomass was collected from 

Ganga River Phaphamau Prayagraj, UP (25.505º N, 

81.868º E) in March 2022 (Fig. 1B & 2).  

Systematic authentication of the algal samples was 

carried out by microscopic studies (Blisco India an 

ISO 900: 2015) at Botany Department CMP Degree 

College Prayagraj and the status assigned to the 

samples are Rhizoclonium sp. i.e., sample-1, 
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Hydrodictyon reticulatum i.e. sample-2. The wet 

algal biomass was manually washed several times 

with water to remove its impurities like sand, 

leaves, wood, feathers, etc. After washing the 

biomass was dried in natural sunlight for 2 days 

(moisture content was reduced to 20% from 80%) 

followed by drying in an oven at 45 °C for 24 hours, 

after which the milling of the sample was done and 

the fraction with 212–500 μm particle size was 

packed in plastic bags. 

 

Pretreatment and AAS analysis of heavy metals in 

algal samples 

The dried samples were digested with HNO3:HClO4 

(3:1, v/v) at 80 ◦C and then diluted with Milli Q 

water (Dwivedi et al., 2010). The digested samples 

were analyzed for different metals viz. Cd, Cr, Pb & 

Fe by measuring the absorbance of samples on an 

atomic absorption spectrophotometer (Perkin Elmer 

A700). The total metal concentrations in algal 

samples and Ganga water were detected after 

filtration (using Whatman filter paper no. 41, 20-

25µm) for removal of debris and other organisms. 

The digestion and analysis of the samples were done 

as described above for algal samples. The following 

formulae evaluated metals enrichment factor in 

algal species: 

Ef=
�*Cm�algae

�*Cm�water
 

Ef = Enrichment factor 

*Cm = concentration of the metal in algae and water 

 

Statistical analysis 

In each case, three replicas of each determination 

were made. Analysis of variance (ANOVA<0.05) and 

Duncan's multiple range test (DMRT<0.05) were 

used to assess for significant variations in metal 

accumulation between the two algae species to 

confirm the validity of the findings. 

 

Observations 

Systematic authentications of the algal samples were 

carried out at the Botany Department CMP Degree 

College Prayagraj. The status assigned to the samples 

is Rhizoclonium sp. and Hydrodictyon reticulatum 

(Fig. 3 A, B). 

 

 

Fig. 3. A. Rhizoclonium sp.  B. Hydrodictyon reticulatum 

 

Results and Discussion 

The bioaccumulation potential of green macroalgae 

for heavy metals and the water quality of River Ganga 

have been presented in this work. Physicochemical 

properties of water have been done by water analyzer 

(HANNA HI98196-web), sulfate and nitrate 

concentrations have been analyzed by turbidimetric 

method, and phosphate concentration has been 

analyzed by spectrophotometric method (Table 1). 

 

Cadmium 

Cadmium metal is used in the steel and plastic 

industries. Cadmium compounds are extensively 

utilized in batteries. Cadmium is released into the 
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environment through wastewater, while fertilizer 

contamination and local air pollution contribute to 

diffuse pollution. Cadmium is most commonly 

consumed through food. Smoking is an important 

additional cause of cadmium exposure. WHO has 

proposed a total cadmium concentration of 0.003 

mg/l in drinking water (WHO Guidelines, 2017). 

 

Table 1. Analysis of Ganga water sample using water 

analyzer 

S.N. Parameters Value 

1. mVpH -88.5 

2. pH 8.57 
3. mVORP 207.4 

4. % DO Saturation 1.8 
5. DO Conc. 0.13 

6. Conductivity 352 
7. Absolute Cond. 391 

8. Resistivity 0.0028 
9. TDS 176 

10. Salinity 0.17 
11. Sea water 0 

12. Temp. 30.78 
13. Atm. Pressure 14.486 

14. PO4
3- 0.76 mg/l 

15. NO3
- 7.67 mg/l 

16. SO4
2- 14.88 mg/l 

 

Table 2. Maximum permissible limits for heavy 

metals concentration in water (WHO Guidelines, 

2017; Council of the EU, 1998; BIS, 2012) 

Heavy metals WHO (mg/L) 
* 

EU (mg/L) 
** 

BIS (mg/L) 
*** 

Cadmium .003 .005 .003 
Chromium .05 .05 .05 

Lead .01 .01 .01 
Iron - - .3 

*World Health Organization (2017) 

**Council of the European Union (1998) 

***Bureau of Indian Standards (2012) 

 

Chromium  

Chromium is found in abundance throughout the 

Earth's crust. Its valence ranges from +2 to +6. 

Food is provided to be the most common source of 

intake. There are not enough toxicity studies to 

support a NOAEL (no observable adverse effect level). 

The guideline value for hexavalent chromium was 

first proposed in 1958 due to health concerns, but it 

was later revised to a guideline for total chromium 

due to challenges in analyzing the hexavalent form 

alone. WHO recommends a total chromium content 

of 0.05 mg/l in drinking water. Because of 

uncertainties in the toxicological database, this result 

has been categorized as provisional (WHO 

Guidelines, 2017) (Table 2). 

 

Lead  

Lead is primarily utilized in the manufacture of lead-acid 

batteries, solders, and alloys. Tetraethyl and tetramethyl 

lead, two organolead compounds, were also widely 

employed as antiknock and lubricating additives in 

gasoline, though their use in many nations has been 

eliminated. Lead is rarely present in tap water since it 

dissolves naturally. Free chlorine residuals in drinking 

water tend to accumulate more insoluble lead-

containing sediments, whereas chloramine residuals 

may produce more soluble sediments in lead pipes. It is 

highly difficult to attain a lower concentration through 

central conditioning, such as phosphate dosing; 

therefore, the guideline value of 0.01 mg/l is retained but 

is marked as provisional based on treatment 

performance and analytical achievability (WHO 

Guidelines, 2017). 

 

Iron 

Iron is one of the most plentiful metals in the earth's 

crust. It is present in natural freshwater at 

concentrations ranging from 0.5 to 50 mg/l. Iron may 

also be found in drinking water due to the usage of iron 

coagulants or corrosion of steel and cast-iron pipelines 

during water distribution. Iron is a vital nutrient in 

human nutrition, especially in the iron (II) oxidation 

state. The minimal daily requirement for iron varies 

depending on age, gender, physiological status, and iron 

bioavailability, ranging from roughly 10 to 50 mg/day. 

WHO has not suggested a recommended value for iron 

in drinking water (WHO Guidelines, 2017). 

 

The surface water collected from Ganga River, Prayagraj 

was significantly contaminated as it was highly alkaline 

(pH 8.57) and had high values of total dissolved solids 

(TDS; 176mgL−1), %DO saturation (%DO; 1.8), 

dissolved oxygen (DO; 0.13mgL−1), phosphate (PO43-; 

0.76 mgL−1), nitrate (NO3-; 7.67 mgL−1), sulphate 

(SO42-; 14.88 mgL−1), salinity 0.17, temperature 

30.78℃ (Table 1).  
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Table 3. Metal concentration in bloom (high biomass) producing green algae collected from heavy metal 

contaminated site 

S. No. Parameters Ganga water Hydrodictyon reticulatum Rhizoclonium sp. 

1. Cd 33.5 86.63±0.48b 104.56±0.43b 
2. Cr 1.77 39.20±0.49c 61.50±0.50c 

3. Pb BDL 27.50±0.50d 27.63±0.60d 
4. Fe BDL 169.16±0.82 a 352.50±0.80a 

The data was statistically tabulated and tested at 0.05 level of significance (ANOVA and Duncan’s multiple range 

test) where n= 3 

 

 

Fig. 4A-D. Concentration of heavy metals in Ganga water and green macroalgae 

 

Heavy metals were examined in algal and Ganga water 

samples. The concentrations of heavy metals in Ganga 

water were found in the following order: Cd > Cr > Pb > 

Fe (Table 3). The concentration of lead and iron is in 

very little quantity as it was below the detection level in 

Ganga water. The concentration of heavy metals in 

Hydrodictyon reticulatum was found in the following 

order: Fe> Cd> Cr> Pb and the values are 169.16> 

86.63> 39.20> 27.50 respectively (Fig. 4 A-D). The 

concentration of heavy metals in Rhizoclonium sp. 

follows the same order of accumulation as in 

Hydrodictyon reticulatum, i.e., Fe> Cd> Cr> Pb, and 

the values are 352.50> 104.56> 61.50> 27.63 

respectively (Fig. 4 A-D). The bioaccumulation factor 

recorded in Rhizoclonium sp. is 352.5, 34.74, 3.13, and 

27.63 for Fe, Cr, Cd, and Pb respectively and in 

Hydrodictyon reticulatum the bioaccumulation factor 

was, 169.16, 27.5, 22.14 and 2.58 for Fe, Pb, Cr, and Cd 

respectively (Table 4; Fig. 5).  

Table 4. Bioaccumulation factor of various heavy 

metals in green algae 

Heavy metals 
(µg g-1) 

Hydrodictyon 
 reticulatum 

Rhizoclonium 
sp. 

Cd 2.58 3.13 

Cr 22.14 34.74 

Pb 27.50 27.63 

Fe 169.16 352.50 

 

From the above experimental results, we can now 

conclude that both the green macroalgae are very 

efficient sources of heavy metals bioaccumulation 

in aquatic ecosystems but Rhizoclonium sp. is 

showing better accumulation capacity than 

previous alga. However, prolonged exposure of the 

algae to surface water is primarily responsible for a 

higher accumulation of macroalgae compared to 

surface water in natural conditions. Algae are the 

hyperaccumulators of heavy metals and the source 

of O2 in the aquatic atmosphere. 
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Fig. 5. Bioaccumulation factor of various heavy 

metals in algal samples 

 

These species produce a large amount of biomass, 

which can be further used for remediation and to 

produce innovative products like biodiesel, 

biomethane, organic fertilisers, feedstock, 

nanoparticles, and pharmaceutical products. Strains 

vary in their physical and metabolic properties, 

leading to variations in heavy metal remediation 

methods. Two mechanisms, biosorption and 

bioaccumulation, play a major role in the abating of 

heavy metals. The detoxification mechanism converts 

toxic heavy metals into non-toxic ones after 

bioaccumulation, and the efflux mechanism 

transports them out of the cell. Thus, processes like 

adsorption, accumulation, complexation, 

compartmentalisation, chelation, and reduction play 

an important role in the remediation of heavy metals. 

To fully explore the heavy metal resistance 

mechanism of algae and enhance the rate of 

remediation and by-product production, further 

molecular studies are necessary. 

 

Conclusion 

The Ganga is becoming more and more contaminated 

every day as a result of human activity and untreated 

industrial runoff. Heavy metals remain in the 

environment for a prolonged period due to their 

inability to break down, severely contaminating 

aquatic environments. The current study investigates 

the accumulation of heavy metals by green algae, a 

cost-effective method for removing pollutants from 

aquatic environments. The quantity of heavy metals 

found in the city's Ganga water helps the government 

determine how contaminated the water is and how to 

remove heavy metals from it using algae. It also 

assists the government in cleaning up the Ganga 

water at a very reasonable cost. Based on this 

research, it is evident that employing algae to remove 

heavy metal pollution will become a viable and highly 

efficient method in the future. 

 

References 

Aggarwal M, Anbukumar S, Vijaya Kumar T. 

2022. Heavy metals concentrations and risk 

assessment in the sediment of Ganga River between 

Kanpur and Prayagraj, UP, India. Sādhanā 47(4), 

195. https://doi.org/10.1007/s12046-022-01972-6 

 

Ali Redha A. 2020. Removal of heavy metals from 

aqueous media by biosorption. Arab Journal of Basic 

and Applied Sciences 27(1), 183-93. 

https://doi.org/10.1080/25765299.2020.1756177 

 

Anderson DM, Morel FM. 1978. Copper 

sensitivity of Gonyaulax tamarensis 1. Limnology 

and Oceanography 23(2), 283-95. 

 

Bureau of Indian Standards. Drinking Water - 

Specification IS 10500: 2012 (Second Revision). 

 

Chugh M, Kumar L, Shah MP, Bharadvaja N. 

2022. Algal Bioremediation of heavy metals: An 

insight into removal mechanisms, recovery of by-

products, challenges, and future opportunities. 

Energy Nexus 7, 100-129. 

https://doi.org/10.1016/j.nexus.2022.100129 

 

Council of the European Union. 1998. Council 

Directive of 3 November 1998 on the Quality of Water 

Intended for Human Consumption. 98/83/EC. 

 

Dwivedi S, Srivastava S, Mishra S, Kumar A, 

Tripathi RD, Rai UN, Dave R, Tripathi P, 

Charkrabarty D, Trivedi PK. 2010. 

Characterization of native microalgal strains for their 

chromium bioaccumulation potential: Phytoplankton 

response in polluted habitats. Journal of Hazardous 

Materials 173(1-3), 95-101. 

https://doi.org/10.1016/j.jhazmat.2009.08.053 



 

39 Soni et al.  
 

Int. J. Biosci. 2024 

Gadd GM. 1993. Microbial formation and 

transformation of organometallic and 

organometalloid compounds. FEMS Microbiology 

Reviews 11(4), 297-316. 

https://doi.org/10.1111/j.1574-6976.1993.tb00003.x 

 

Kaplan D. 2013. Absorption and adsorption of heavy 

metals by microalgae. In: Handbook of Microalgal 

Culture: Applied Phycology and Biotechnology. 602-

11. https://doi.org/10.1002/9781118567166.ch32 

 

Kumar L, Chugh M, Kumar S, Kumar K, 

Sharma J, Bharadvaja N. 2022. Remediation of 

petrorefinery wastewater contaminants: A review on 

physicochemical and bioremediation strategies. 

Process Safety and Environmental Protection 159, 

362-75. https://doi.org/10.1016/j.psep.2022.01.009 

 

Pandey R, Divya Raghuvanshi DR, Shukla DN. 

2014. Water quality of river Ganga along Ghats in 

Allahabad city, UP, India. 5(4), 181-186. 

 

Qifa S, Ke Y, Zhuo'an S, Lin'gang J, Hui T, 

Xiaodong G, Xuguang L, Wei Z. 2022. 

Characteristics of groundwater quality in Changchun 

New Area and its evaluation on ecological health. 

Geology in China 49(3), 834-48. DOI: 

10.12029/gc20220311 

 

Shengfeng L, Jun H, Yuan Z. 2019. Investigation 

of groundwater quality and health risk assessment in 

Rong county Guangxi. People’s Pearl River 40(12), 

6-12. 

 

Siwen L. 2022. Water quality and health risk 

assessment in the northern part of the Huangpi River 

Basin in Ganbei, Jiangxi province. R. Miner. Test. 

Environ. Chem. 41(3), 488–498. 

Sunda WG. 1975. The relationship between cupric 

ion activity and the toxicity of copper to 

phytoplankton. Massachusetts Institute of 

Technology. (Doctoral dissertation). 

 

Tamayo AI, Guas AM, Leyte-Vidal JJ, Maccini 

M. 2014. Analytical method for heavy metal 

determination in algae and turtle eggs from 

Guanahacabibes Protected Sea Park. Journal of 

Electrochemical Science and Engineering 4(4), 145-

54. https://doi.org/10.5599/jese.2014.0051 

 

Wang J, Li Y, Huang J, Yan T, Sun T. 2017. 

Growing water scarcity, food security, and 

government responses in China. Global Food Security 

14, 9-17. https://doi.org/10.1016/j.gfs.2017.01.003 

 

Wang J, Liu G, Liu H, Lam PK. 2017. 

Multivariate statistical evaluation of dissolved trace 

elements and a water quality assessment in the 

middle reaches of Huaihe River, Anhui, China. 

Science of the Total Environment 583, 421-31. 

https://doi.org/10.1016/j.scitotenv.2017.01.088 

 

Wanjun J. 2022. Current status of groundwater 

resources and environmental quality in Zhangjiakou 

area and development, utilization and protection 

suggestions. North China Geol 45(3), 44–54. 

 

World Health Organization. 2011. Guidelines for 

drinking-water quality - 4th ed. WHO Press, World 

Health Organization, 20 Avenue Appia, 1211 Geneva 

27, Switzerland. ISBN 978 92 4 154815 1. 

 

Zohoorian H, Ahmadzadeh H, Molazadeh M, 

Shourian M, Lyon S. 2020. Microalgal 

bioremediation of heavy metals and dyes. In: Handbook 

of Algal Science, Technology and Medicine. Academic 

Press, 659-674. 

https://doi.org/10.1016/B978-0-12-818305-2.00041-3 

 

 

 

 

 

 


